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(57) ABSTRACT

Provided are an offline teaching device and a measurement
control device. The oflline teaching device detects a shape of
a measured object by a three-dimensional sensor unit, gen-
crates measurement procedure information i which mea-
surement 1tems are respectively associated with measure-
ment points sequentially specified to the detected shape, and
causes a measurement procedure information storage unit to
store the measurement procedure information associated.
The measurement control device detects a shape of a target
measured object by a three-dimensional sensor unit,
searches the measurement procedure information storage
unit for a measured object having a shape substantially
identical to a detected shape and specifies a measured object,
extracts measurement procedure information on the speci-
fied measured object as measurement procedure information
on the target measured object, and causes the use measuring
device to measure the target measured object on the basis of
the measurement procedure information extracted.

4 Claims, 4 Drawing Sheets
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OFFLINE TEACHING DEVICE,
MEASUREMENT CONTROL DEVICE, AND
PROGRAM

TECHNICAL FIELD

.

The present invention relates to an ofiline teaching device,
a measurement control device, and a program enabling
automatic measurement easily by generating measurement
procedure mnformation with a simple operation and applying
the measurement procedure information to a measuring
device.

BACKGROUND ART

As a method for generating a part program in which a
measurement procedure for realizing automatic measure-
ment with a measuring device 1s described, there are online
teaching and oflline teaching. The online teaching 1s a
method for generating a part program by describing, 1n a part
program, a procedure 1n a case where an operator operates
a measuring device to perform actual measurement of a
measured object set in the measuring device. In the online
teaching, since the measuring device cannot be used during,
teaching, there 1s a problem with measurement efliciency.
Meanwhile, the ofiline teaching 1s a method for generating
a part program by describing, in a part program, a simulation
result obtained after measurement teaching simulation 1s
performed on Computer Aided Design (CAD) data of a
measured object by using ofiline teaching application soft-
ware or the like. In the ofiline teaching, since teaching can
be performed without using an actual device, measurement
can be performed efliciently.

SUMMARY OF INVENTION

Technical Problem

A conventional teaching method requires a specialized
technique such as an operating technique for a measuring
device, an operating technique for application software, and
a procedure generating technique. In addition, the conven-
tional teaching method also requires a specialized technique
such as a coordinate system setting techmique when mea-
surement 1s performed.

An object of the invention is to provide an oflline teaching
device, a measurement control device, and a program
enabling automatic measurement easily by generating mea-
surement procedure information with a sitmple operation and
applying the measurement procedure information to a mea-
suring device.

"

Solution to Problem

An oflline teaching device according to an aspect of the
invention includes a three-dimensional sensor unit config-
ured to detect a position and a three-dimensional shape 1n a
three-dimensional space of an object present within a detec-
tion range; a display unit configured to display, 1n a visible
manner, a three-dimensional shape of a measured object
detected by the three-dimensional sensor unit; an 1nterface
screen generation unit configured to generate an interface
screen for receiving an input of measurement information
including information specilying a measurement point in a
three-dimensional shape of the measured object and 1nfor-
mation indicating a measurement content at the measure-
ment point and configured to cause the display unit to
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2

display the interface screen together with the three-dimen-
sional shape of the measured object; a measurement proce-
dure information storage unit; and a write unit configured to
write, to the measurement procedure information storage
unit, measurement procedure information including the
measurement information for each measurement point input
sequentially via the interface screen by using a predeter-
mined unit and information indicating input order for the
measurement 1nformation for each measurement point
together with information on the three-dimensional shape of
the measured object.

A measurement control device according to an aspect of
the mnvention includes a three-dimensional sensor unit con-
figured to detect a position and a three-dimensional shape 1n
a three-dimensional space of an object present within a
detection range; a measurement procedure information stor-
age unit configured to store in advance, for each of a
plurality of measured objects, information on a three-dimen-
sional shape of each of the plurality of measured objects and
measurement procedure information including measurement
information for each measurement point, including infor-
mation specilying a measurement point in the three-dimen-
sional shape and information indicating a measurement
content at the measurement point, and mformation idicat-
ing input order for the measurement information for each
measurement point; a measurement procedure information
extraction unit configured to search the measurement pro-
cedure information storage umit for a three-dimensional
shape detected by the three-dimensional sensor unit of a
target measured object set 1n a use measuring device,
configured to specily the measured object having a three-
dimensional shape substantially identical to the three-di-
mensional shape of the target measured object, and config-
ured to extract the measurement procedure information on
the measured object specified from the measurement proce-
dure mformation storage unit as measurement procedure
information on the target measured object; a coordinate
system setting unit configured to control the use measuring
device to set a detection coordinate system 1n the three-
dimensional sensor unit as a coordinate system of the use
measuring device; and a control unit configured to cause the
use measuring device to measure the target measured object
on the basis of measurement procedure information on the
target measured object.

The measurement control device may further include a
measuring device information storage unit configured to
store 1n advance configuration information on each of a
plurality of models of measuring devices; a measuring
device information extraction unit configured to search the
measuring device miformation storage unit on the basis of
information indicating a model of the use measuring device
input with a predetermined unit and configured to extract
configuration information on the use measuring device; and
a reconfiguring unit configured to reconfigure measurement
procedure information on the target measured object for the
use measuring device on the basis of the configuration
information on the use measuring device. In the measure-
ment control device, the control unit may be configured to
cause the use measuring device to measure the target mea-
sured object on the basis of measurement procedure infor-
mation reconfigured for the use measuring device.

A Tunction of each unit of the oflline teaching device and
the measurement control device of the invention may be
realized by describing the function 1n a program and causing

a computer to execute the program.

Advantageous Effects of Invention

According to an oflline teaching device and a measure-
ment control device of the invention, measurement proce-
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dure information 1s generated with a simple operation and
applied to a measuring device to enable automatic measure-

ment easily.

BRIEF DESCRIPTION OF DRAWINGS

. L ]

FIG. 1 1s a functional block diagram of an offline teaching

device 100 and a measurement control device 200 of the
ivention.

FIGS. 2A to 2D are views illustrating an example of an
input mterface screen and an example of an mnput method.

FI1G. 3 1s a functional block diagram of an offline teaching
device 100 and a measurement control device 201 of the
invention.

FI1G. 4 1s a diagram 1llustrating an example of a configu-
ration ol an oflline teaching device 100, a measurement
control device 200, and a measurement control device 201
of the invention 1n a case where a function of each unit 1s
realized by causing a CPU to execute a program 1n which the

function ot each unit 1s described.

DESCRIPTION OF EMBODIMENTS

Embodiments of the invention will be described herein-
after with reference to the drawings. Note that in the
following description and drawings, the same reference
numerals are assigned to the same functional parts, and the
description of the functional parts described once will be
omitted or described as necessary.

First Embodiment

FI1G. 1 1s a functional block diagram of an offline teaching
device 100 and a measurement control device 200 of the
invention.

The oflline teaching device 100 includes a three-dimen-
sional sensor unit 110, a display unit 120, an interface screen
generation unit 130, an mput unit 140, a write unit 150, and
a measurement procedure information storage unit 160.

The three-dimensional sensor unit 110 1s a three-dimen-
sional sensor configured to detect a position and a three-
dimensional shape 1n a three-dimensional space of an object
present within a detection range. The three-dimensional
sensor umt 110 of any system may be used as long as the
three-dimensional sensor unit 110 can detect the position
and the three-dimensional shape in the three-dimensional
space ol the object present within the detection range.

The display unit 120 1s of any system configured to
display, in a visible manner, a three-dimensional shape of a
measured object detected by the three-dimensional sensor
unit 110. The configuration 1in which the three-dimensional
shape of the measured object can be visible 1s any configu-
ration. The three-dimensional shape 1itself may be displayed
simply, or for example, an 1maging unit 170 configured to
capture an 1mage ol the measured object detected by the
three-dimensional sensor unit 110 may further be provided,
and the three-dimensional shape of the measured object can
be made visible by displaying an image captured by the
imaging unit 170. In addition, a transmission-type display
may be used to make the measured object itsell detected by
the three-dimensional sensor unit 110 visible 1n a manner
that the measured object 1s visible through the display.

The interface screen generation umt 130 1s configured to
generate an interface screen for receiving an input of mea-
surement information including information specitying a
measurement point 1n the three-dimensional shape of the

measured object and information indicating a measurement

10

15

20

25

30

35

40

45

50

55

60

65

4

content at the measurement point and configured to cause
the display unit 120 to display the interface screen together
with the three-dimensional shape of the measured object.
Any interface screen and any method for displaying the
interface screen may be employed.

For example, as illustrated in FIG. 2A, the interface
screen generation unit 130 causes the display unit 120 to
display an icon group 1 indicating the measurement content
side by side with a three-dimensional shape 1 of the mea-
sured object and/or an 1mage v of the measured object. FIG.
2 A exemplifies a case where the icon group 1 indicating the
measurement content 1s displayed with symbols 1indicating
roundness, squareness, and cylindricity, respectively.

The input unit 140 1s any mput unit corresponding to the
interface screen displayed on the display unit 120 by the
interface screen generation unit 130. For example, 1n the
case of the mput mterface screen including the 1con group
exemplified in FIG. 2A, a mouse, a gesture detection unit, a
touch panel display, or the like can be employed as an input
unit.

In the case of a mouse, a pointer p as illustrated in FIG.
2A 1s displayed, and the measurement content and the
measurement point may be input by moving the pointer p
onto an icon of a desired measurement content by user
mouse operation as 1llustrated 1n FI1G. 2B, dragging the icon
as 1llustrated 1n FIG. 2C, and dropping the icon at a desired
measurement point of the three-dimensional shape 1 of the
measured object displayed side by side (FIG. 2D), for
example. In addition, the measurement point at which the
measurement content 1s executed may be mput by moving
the pointer p onto the i1con of the desired measurement
content, clicking the mouse to mput the measurement con-
tent, and then moving the pointer p to the desired measure-
ment point and clicking the mouse.

In the case of the gesture detection unit, the three-
dimensional sensor unit 110, the display unit 120, and the
imaging unit 170 are configured as follows, for example.
While a measured object detected by the three-dimensional
sensor unit 110 and an image of a hand of a user captured by
the 1maging unit 170 are made visible on the display unit
120, the 1con group 1 1s displayed side by side with the
measured object, and 1nstead of a mouse pointer, the hand of
the user 1s operated to enable the measurement content and
the measurement point to be input by an input operation such
as drag-and-drop.

The gesture detection unit can be realized easily 1n a case
where the oflline teaching device 100 1s configured by using,
a head-mounted display device that 1s a computer including
a Tunction unit corresponding to the three-dimensional sen-
sor unit 110, the display unit 120, and the imaging unit 170,
for example.

In the case of the touch panel display, the touch panel
display may be employed as the display unit 120, and the
measurement content and the measurement point may be
input by touching an 1con indicating the measurement con-
tent with a finger and dragging and dropping the i1con at a
desired measurement point of the three-dimensional shape 1
of the measured object displayed. In addition, the measure-
ment point at which the measurement content 1s executed
may be mput by touching an icon indicating the measure-
ment content with a finger to input the measurement content,
and then touching a desired measurement point with a finger.

A user repeats the input operation from the mput unit 140
as described above by the number of desired measurement
points.

The write unit 150 1s configured to write measurement
procedure mformation including measurement information
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for each measurement point input sequentially from the
input unit 140 via the interface screen and information
indicating iput order for the measurement information for
cach measurement point, to the measurement procedure
information storage unit 160 together with information on
the three-dimensional shape of the measured object.

The measurement procedure information storage unit 160
1s a storage unit configured to store measurement procedure
information output from the write umt 150. Any storage
system or any type of storage unit may be employed as the
measurement procedure information storage unit 160 as long,
as the measurement procedure information can be stored. In
addition, the storage unit does not need to be provided 1n the
body of the ofiline teaching device 100 or the measurement
control device 200 and may be provided externally in a
manner that the storage unit transmits and/or receives inior-
mation via wired communication or wireless communica-
tion.

The measurement control device 200 includes the three-
dimensional sensor umt 110, the measurement procedure
information storage unit 160, a measurement procedure
information extraction unit 210, a coordinate system setting
unit 220, and a control unit 230.

The three-dimensional sensor unit 110 and the measure-
ment procedure mformation storage unit 160 are functional
units common to the three-dimensional sensor unit 110 and
the measurement procedure information storage unit 160 of
the offline teaching device 100, respectively. However, the
measurement procedure information storage unit 160 1s
configured to store measurement procedure mformation for
cach of a plurality of measured objects. In addition, the
three-dimensional sensor unit 110 may be provided sepa-
rately 1n each of the oflline teaching device 100 and the
measurement control device 200.

The measurement procedure information extraction unit
210 1s configured to search the measurement procedure
information storage unit 160 for a three-dimensional shape
detected by the three-dimensional sensor unit 110 of a target
measured object set 1n a use measuring device 10, config-
ured to specily a measured object having a three-dimen-
sional shape substantially identical to the three-dimensional
shape of the target measured object, and configured to
extract the measurement procedure information on the mea-
sured object specified from the measurement procedure
information storage unit 160 as measurement procedure
information on the target measured object.

Accordingly, each measurement point (and the measure-
ment content at each point) in the three-dimensional shape
of the target measured object set 1n the use measuring device
10 1s specified mm a detection coordinate system in the
three-dimensional sensor unit 110.

The coordinate system setting unit 220 1s configured to
control the use measuring device 10 to set the detection
coordinate system in the three-dimensional sensor unit 110
as a coordinate system of the use measuring device 10.
Specifically, the coordinate system setting unit 220 controls
the use measuring device 10 and causes the use measuring
device 10 to execute a measurement function provided 1n the
use measuring device 10 for setting a coordinate system on
the target measured object.

The control unit 230 1s configured to cause the use
measuring device 10 to measure the target measured object
on the basis of the measurement procedure information on
the target measured object.

According to the offline teaching device 100 and the
measurement control device 200 of the mmvention described
above, automatic measurement can be performed easily by
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6

generating measurement procedure information with a
simple operation and applying the measurement procedure
information to a measuring device.

Second Embodiment

Assuming that a plurality of models of measuring devices
are used, since a specific configuration of a measuring
device differs for each model of a measuring device, a
measurement procedure may desirably be reconfigured 1n a
manner suitable for a model of a measuring device. A second
embodiment 1s an embodiment enabling automatic measure-
ment even 1n such a case. The second embodiment 1s
realized by a combination of the ofiline teaching device 100
similar to the ofiline teaching device of the first embodiment
and a measurement control device 201 in which several
components are added to the measurement control device
200 of the first embodiment.

FIG. 3 1s a functional block diagram of the oflline

teaching device 100 and the measurement control device
201.

The measurement control device 201 includes the three-
dimensional sensor umt 110, the measurement procedure
information storage unit 160, the measurement procedure
information extraction unit 210, the coordinate system set-
ting unit 220, the control unit 230, a measuring device
information storage unit 240, a measuring device informa-
tion extraction unit 2350, an 1nput unit 260, and a reconfig-
uring unit 270. That 1s, the measurement control device 201
includes a configuration 1 which the measurement control
device 200 of the first embodiment further includes the
measuring device information storage unit 240, the measur-
ing device mformation extraction unit 250, the mput unit
260, and the reconfiguring unit 270.

The measuring device iformation storage unit 240 1s a
storage unmit configured to store configuration information on
cach of a plurality of models of measuring devices 1n
advance. The configuration information 1s any information,
and examples of the configuration nformation include a
measurable range of a measuring device, a type of probe
head or probe mounted, an angle of a registered probe, and
information on a probe changer, a stylus changer, or the like.
Any storage system or any type of storage unit may be
employed as the measuring device information storage unit
240 as long as the configuration mnformation can be stored.
In addition, the storage unit does not need to be provided 1n
a body of the ofiline teaching device 100 or the measurement
control device 201 and may be provided externally in a
manner that the storage unit transmits and/or recerves nfor-
mation via wired communication or wireless communica-
tion.

The measuring device information extraction unit 230 1s
configured to search the measuring device information stor-
age unit 240 on the basis of information indicating a model
of the use measuring device 10 1input with a predetermined
umt and to extract configuration information on the use
measuring device 10 from among a plurality of pieces of
configuration information on a plurality of models of mea-
suring devices.

The mput unit 260 from which information indicating a
model of the use measuring device 10 1s input 1s of any form.
A keyboard, a mouse, and the like are employed 1n a case
where an mnput mterface screen 1s displayed on the display
unmit 120 shared with the ofiline teaching device 100 or a
display unit (not illustrated) provided individually in the
measurement control device 201, and information 1s input
via the input interface screen, for example.
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In addition, the mput unit 260 may include an 1imaging
unit 261 and a captured image analysis unit 262. The
imaging unit 261 may capture an 1mage ol an appearance of
the use measuring device 10, a plate on which a model
number 1s shown, or the like, and the captured image
analysis unit 262 may search for a model of the use
measuring device 10 or read the model number of the use
measuring device 10 on the basis of the captured image to
specily the model of the use measuring device 10, and the
specified model of the use measuring device 10 1s mnput to
the measuring device information extraction unit 250, for
example.

The reconfiguring unit 270 i1s configured to reconfigure
measurement procedure information on the target measured
object extracted by the measurement procedure mnformation
extraction unit 210 1nto a measurement procedure suitable
for the use measuring device on the basis of the configura-
tion information on the use measuring device 10 extracted
by the measuring device imnformation extraction unit 250.

The control unmit 230 1s configured to cause the use
measuring device 10 to perform the measurement on the
basis of the measurement procedure information reconfig-

ured for the use measuring device by the reconfiguring unit
270.

Accordingly, the measurement procedure information
generated by the offline teaching device 100 can be recon-
figured automatically depending on a model of a measuring
device, and measurement can be performed.

Third Embodiment

A Tunction of each unit of the offline teaching device 100,
the measurement control device 200, and the measurement
control device 201 of the mvention may be realized by
describing the function in a program and causing a computer
to execute the program.

FIG. 4 1s a diagram 1llustrating an example of a configu-
ration of the offline teaching device 100, the measurement
control device 200, and the measurement control device 201
in a case where a function of each unit 1s realized by
describing the function 1n a program and causing a computer
to execute the program.

The ofiline teaching device 100, the measurement control
device 200, and the measurement control device 201 each
include a storage unit 301, a CPU 302, a display unit 303,
a three-dimensional sensor unit 304, an mput unit 305, an
imaging unit 306, and a communication unit 307, for
example.

The storage unit 301 functions as the measurement pro-
cedure information storage unit 160 and the measuring
device information storage unit 240 and 1s also configured to
store a program 1n which the function of each unit of the
oflline teaching device 100, the measurement control device
200, and the measurement control device 201 1s described.
In addition to a storage medium such as an HDD and a flash
memory, a non-volatile memory, a volatile memory, or the
like can be employed as the storage unit 301, for example.
One storage unit 301 may be provided, or a plurality of the
storage units 301 may be provided depending on 1tems to be
stored or the like.

The CPU 302 executes the program read from the storage
unit 301 to realize the function of each unit of the oflline
teaching device 100, the measurement control device 200,
and the measurement control device 201.

The display unit 303 1s of any system configured to
function as a display unit 120.
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The three-dimensional sensor unit 304 1s a three-dimen-
sional sensor configured to function as a three-dimensional
sensor umit 110.

The 1nput unit 305 1s an input unit such as a mouse or a
keyboard configured to function as the input unit 140 and the
iput unit 260.

The mmaging unit 306 1s of any system configured to
function as the imaging unit 170 and the imaging umt 261.

The communication unit 307 1s an interface for connec-
tion with a wireless network or a wired network and trans-
mits and/or receives mformation to/from the use measuring,
device 10 or a cloud storage connected with a network under
control of the CPU 302.

The invention 1s not limited to the embodiments described
above. Each embodiment 1s exemplary, and an embodiment
including a configuration substantially 1dentical to the tech-
nical i1deas set forth in the claims of the imvention and
exhibiting similar effects 1s encompassed by the technical
scope of the ivention. That 1s, changes can be made
appropriately within the scope of the technical 1deas
expressed in the mvention, and forms in which such changes
and modifications are added are also encompassed by the
technical scope of the imvention.

REFERENCE SIGNS LIST

10 Use measuring device

100 Offline teaching device

110, 304 Three-dimensional sensor unit

120, 303 Display unait

130 Interface screen generation unit

140, 260, 305 Input unit

150 Write unit

160 Measurement procedure information storage unit
170, 261, 306 Imaging unit

200, 201 Measurement control device

210 Measurement procedure information extraction unit

220 Coordinate system setting unit

230 Control unit

240 Measuring device information storage unit
250 Measuring device information extraction unit
262 Captured 1mage analysis unit

270 Reconfiguring unit

301 Storage unit

302 CPU

307 Communication unit

I Three-dimensional shape of measured object
1 Icon group

p Pointer

v Image of measured object

The mvention claimed 1s:

1. A measurement control device comprising:

a three-dimensional sensor unit configured to detect a
position and a three-dimensional shape in a three-
dimensional space of an object present within a detec-
tion range;

a measurement procedure mformation storage unit con-
figured to store 1n advance, for each of a plurality of
objects, information on a three-dimensional shape of
cach of the plurality of objects and measurement pro-
cedure information including measurement informa-
tion for each of a plurality of measurement points and
information indicating input order for the measurement
information for each of the plurality of measurement
points, the measurement information for each of the
plurality of measurement points including information
speciiying each of the plurality of measurement points
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in the three-dimensional shape and mformation indi- a measuring device information extraction unit configured
cating a measurement content at the each of the plu- to search the measuring device information storage unit
rality of measurement points; and extract the configuration information on the mea-

a measurement procedure information extraction unit
configured to search the measurement procedure imnfor- s
mation storage unit to specily one of the plurality of
objects which has the three-dimensional shape substan-
tially 1dentical to a three-dimensional shape of a target
object 1n a measuring device 1 use based on the

suring device 1n use from the measuring device infor-
mation storage unit on the basis of model information
indicating a model of the measuring device 1n use, the
model mformation being input with an input unit; and
a reconfiguring unit configured to reconfigure the mea-

three-dimensional shape of the target object detected by 0 surement procedure information on the target object tor
the three-dimensional sensor unit, and the measurement the measuring device m use on the basis of the
procedure mformation extraction unit being configured extracted configuration information on the measuring
to extract the measurement procedure information on device in use,

the specified object from the measurement procedure wherein the control unit is configured to cause the mea-
information storage unit as the measurement procedure s suring device in use to measure the target object on the
information on the target object,

basis of the measurement procedure information recon-
figured for the measuring device 1n use.

3. A non-volatile memory storing a program for causing
a computer to function as each unit of the measurement

>0 control device according to claim 1.

4. The measurement control device according to claim 1,
wherein the control unit 1s configured to cause the measuring
device 1 use to measure the target object in an order
according to the mput order for the measurement 1nforma-

25 tion for each of the plurality of measurement points, which
1s included 1n the measurement procedure information on the
target object.

a coordinate system setting unit configured to control the
measuring device 1n use to set a detection coordinate
system 1n the three-dimensional sensor unit as a coor-
dinate system of the measuring device in use; and

a control unit configured to cause the measuring device in
use to measure the target object on the basis of the
measurement procedure information on the target
object.

2. The measurement control device according to claim 1

turther comprising:

a measuring device information storage unit configured to
store 1n advance configuration mformation on each of
a plurality of models of measuring devices; I I
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